Feral swine (Sus scrofa) are opportunistic omnivores and have established populations in a myriad of habitat types across the United States (Fogarty 2007 , Southeastern Cooperative Wildlife Disease Study [SCWDS] 2008 . Over the last 30 years, feral swine populations have expanded their distribution throughout the state of Texas, USA into seemingly suboptimal habitats such as the arid deserts and high plains of western Texas (Adkins and Harveson 2007, SCWDS 2008) . Factors cited for this expansion include high reproductive rates (Taylor et al. 1998) , changes in land use, development of agriculture and irrigation in arid climates (Taylor 1993) , eradication of screwworm for livestock health (Taylor 1993) , and increased illegal relocation of feral swine into new regions for sport hunting (Gipson et al. 1998 , Delgado-Acevedo 2010 . A major concern with feral swine is their potential to maintain and transmit economically significant diseases to domestic swine (Witmer et al. 2003 , Wyckoff et al. 2009 ).
They have been implicated in 3 outbreaks of swine brucellosis in domestic herds (Feral Swine Subcommittee on Brucellosis and Pseudorabies 2005), and also play an important role in human health pathogens such as Escherichia coli O157:H7 (Jay et al. 2007 ). The domestic swine industry is dominated by operations with some level of biosecurity (Witmer et al. 2003) . However, a portion of the industry is considered 'backyard' or transitional production, hereafter referred to as small-scale facilities, consisting of show pigs, breeders, and small-scale meat producers (Doster 1992) . It is these smaller operations that provide opportunity for disease transmission between feral and domestic swine through fence lines and fomites (Wyckoff et al. 2009 ). For disease management planning and implementation, data regarding feral swine movements, habitat preference, and the influence of boundaries and corridors near these small-scale production facilities are needed but lacking (Auld and Tisdell 1986, Wyckoff et al. 2009 ). These data could be useful for targeting depopulation or habitat manipulation efforts toward preferred habitats and travel corridors. It has also been suggested that roads, rivers, and railways may present boundaries to feral swine movement; thus, boundaries may be used to inhibit feral swine from entering an area or crossing into new regions (Saunders and Kay 1991) . If a population must be eradicated quickly due to a disease outbreak, information on how feral swine use the landscape can help identify the scope of the population of concern and likely habitat types to target, allowing for expedited eradication (Saunders and Bryant 1988) .
Studies of habitat use and movements of feral swine suggest that feral swine prefer riparian areas and swampy bottomlands that provide dense vegetation for cover, water for thermoregulation, and lush vegetation and high mast production for forage (Synatzske 1979 , Ilse and Hellgren 1995 , Dexter 1998 , Mersinger and Silvy 2007 . Thus, movement of feral swine will be influenced by seasonal food availability, shelter, and water distribution (Hayes et al. 2009 ). Additional influences on movement could include hunting pressure (Saunders and Kay 1991) , riparian corridors, cleared pipeline or power line right-of-ways, and potential physical boundaries such as roads or rivers Kay 1991, Forman 1995) . These habitat use preferences should be considered when assessing disease transmission risk to transitional domestic swine facilities.
Our goal was to evaluate feral swine movements and habitat use near small-scale facilities. Specific objectives were to 1) identify similarities in feral swine habitat preference and habitat surrounding domestic swine facilities, 2) determine whether corridors and boundaries affect feral swine movements, 3) calculate areas of utilization and identify patterns of habitat use, and 4) determine whether dry and wet periods affect seasonal habitat use by feral swine in Texas. Additionally, we suggest management strategies to prevent disease transmission from feral to domestic swine at smallscale facilities.
STUDY AREA
We conducted our study in 3 Texas ecotypes, South Texas Plains, Pineywoods, and the Post Oak Savanna (Gould 1975; Fig. 1) . In each ecotype, we chose trapping locations 10 km from domestic swine facilities. Swine facilities targeted in this study were classified as small-scale, low-biosecurity outdoor pens, with fence lines available to feral-domestic swine contact. These facilities varied from small show-pig operations consisting of 2-10 animals, to larger pork-production facilities of 100 animals. Study sites located within the South Texas Plains (Gould 1975) (Gould 1975 
METHODS
We used box and corral traps to capture small groups of feral swine. We immobilized trapped feral swine with 3-cm 3 darts containing Telazol and xylazine delivered by an air-pump projector (Pneu-Dart, Inc., Williamsport, PA) with dosages calculated according to Wyckoff et al. (2009) . We monitored heart rate, respiration rate, and temperature of feral swine while immobilized. We administered cool-water enemas to heat-stressed, immobilized animals, to lower body temperatures. We recorded weights and sex, and ear-tagged all trapped animals with an individual identification number and our contact information. All captured adults with a neck circumference !62.5 cm were fitted with Global Positioning System (GPS) collars (Televilt Co., Sweden). We followed approved handling procedures of Texas A&M University-Kingsville Animal Care and Use Committee (IACUC permit 1-04-36), and the Institutional Animal Care and Use Committee of the National Wildlife Research Center (QA-1240). We programmed collars to log and store satellite-acquired locations every 4 hours, 4 days/week (i.e., 24 locations/week) for 2.1 years (May 2004 to Jul 2007 . Once per month during the programmed very high frequency period, we used fixedwing aircraft to locate collared feral swine to determine whether the animals were still alive and the general location of each collared animal. We recovered collars from hunterharvested feral swine, feral swine that died, or collars that slipped off animals. Habitat and canopy cover did not influence efficacy of data collection (unpulished data). We used rainfall, and resulting vegetation growth, to assess environmental influence on feral swine movements in a post hoc analysis due to climactic extremes over the 2 years of the study. Additionally, feral swine do not have well-defined breeding seasons (Taylor 1993 We analyzed location data with ArcView 9.1. Data were overlaid onto Landsat images (Digital Orthophoto Quarter Quadrangle) for habitat utilization analysis. To determine the minimum number of data collection days required for representative habitat use, and the minimum number of locations required in the time frame, we calculated fixedkernel area values by 10-day increments. The first 10 days of data collection were assessed and compared to a random sampling of 10-day periods within the data collection period. We used these values to assess area curves for feral swine over time and found minimal slope on the area curves (unpulished data) indicating area measures were not altered with increased sample size. Therefore, collars with >10 days of data collected, and >30 locations, were included in the analysis (Kenward 2001) . Keeping collars on feral swine is difficult due to swine neck morphology, hunting pressures, and a 51% rate of collar failure (Wyckoff et al. 2007) , resulting in much variation in monitoring duration, collection of location data, and sex ratios of collared swine at each study site (Wood and Brenneman 1980, Massei et al. 1997 ). Thus, we used the term ''area of utilization'' instead of ''home range '' (Bailey 1984) to avoid suggesting this is the full extent of habitat used. Areas of utilized habitat were calculated for each animal during the wet, normal (only South Texas Plains sites), and dry periods using the 95% kernel operation of the Home Range Extension for ArcView (Rodgers and Carr 1998) . We used an unbalanced factorial analysis of variance to assess utilization with sites, sex, and periods (wet, normal and dry) as main effects (Atwood et al. 2007 ). Least-squares means were calculated for mean separation, and significance was set at P ¼ 0.05. South Texas Plains had 3 PDSI periods for which we also used a separate unbalanced factorial analysis of variance to assess variation between sexes and PDSI periods (Littell et al. 2006) .
To determine available habitat for each ecotype site, we combined location data sets of all the animals at each site, and created a 100% fixed kernel that included all pooled locations and then generated an approximately 4-km buffer. We used 4-km buffer because it was half the average length of the longest kernel-axis estimate of utilized areas of collared feral swine in our study. We used the Texas Gap Analysis Program (TX-GAP) classified land cover image to identify vegetation classifications, hereto referred to as vegetation types (Hall et al. 1997) , at each of our study sites (U.S. Geological Survey GAP Analysis Project 2003, Moen et al. 2008) . The TX-GAP data are comprised of 30-m pixels generalized to one dominant vegetation type. Vegetation classifications were based off of spectral data collected by satellite, with corresponding ground observations of vegetation classes in each Texas ecotype (U.S. Geological Survey GAP Analysis Project 2003). South Texas sites were categorized as South Texas Plains, our 2 eastern sites were Post Oak Savanna and Pineywoods, respectively (see Table 1 for GAP classifications and our summarized habitat classifications). We classified predominant vegetation types surrounding each domestic facility with regard to feral swine habitat preference.
To assess habitat use, we created a resource selection function model (Manly et al. 2002) to determine whether preferences for available vegetation types occurred (Boyce et al. 2002) . To quantify available vegetation types we generated an equal number (to the pooled no. of known animal locations) of random locations across each classified image. These randomly generated locations were bounded within the utilized area of feral swine in each of the 3 ecotypes, as defined above. We used ArcView 9.1 to assign each location a vegetation classification according to the TX-GAP GPS layer. Each location scored a 1 for the type of vegetation it was located in (present) and a 0 for all other types of vegetation of the respective ecotype (available) to form a matrix (Atwood et al. 2007 ). We repeated this process with locations collected by GPS collars on feral swine. The binomial projection of presence verses available was then run in a logistic regression model. Model output of point estimates for proportional use scaled from <1 (demonstrating underuse), 1 (proportional use), and >1 (showing an overuse compared to proportional availability). We used the Deviance and the Pearson's chi-squared goodness-of-fit tests to check models (Mladenoff et al. 1995) .
To determine whether oil pipeline and power line right-ofways function as feral swine movement corridors, in a post hoc analysis, we generated a 98% kernel using all the locations in each of the 3 sites and delineated the right-of-ways as polygons. We used 98% to achieve a conservative continuity of the included habitat, but not over estimate included habitat by using the 100% kernel. We then computed the density of locations that fell within the pipeline and power line right-of-ways for each site. By using randomly generated polygons of similar length, width, and area within the 98% kernel contour, we computed the density of locations that fell within these random polygons. We tested each ecotype using the Wilcoxon Signed-Rank Test. We used the location data from GPS-equipped feral swine to make a simple post hoc assessment of the permeability of paved, 2-lane, and maintained caliche dirt roads. We used the average kernel axis length of the areas of utilization at each ecotype site, to create a buffer around each road type to identify which feral swine would have potentially encountered the road in their movements. If an individual kernel did not overlap with the road buffer, that animal was not included in the analysis for that type of road. We used the path function of Animal Movements in Hawths Analysis Tools Extension (for ArcView: Hawthorne Beyer, version 3.01) to assess each crossing event for each road included in the site. We identified habitat types of precrossing and postcrossing locations and used the Kappa Statistic (Agresti 1996) to test whether the road presented a boundary with respect to habitat use. The permeability of local rivers was not tested due to low sample size of feral swine utilizing habitat near a river. 
RESULTS
We collected and analyzed 4,625 locations (n ¼ 15 individual feral swine) from South Texas Plains, 1,782 locations (n ¼ 11 individual feral swine) from Post Oak Savanna, and 990 locations (n ¼ 8 individual feral swine) from Pineywoods (Table 2 ). In the South Texas Plains 38% (n ¼ 6) of domestic swine facilities were located in mesquite shrubland, 19% (n ¼ 3) in cropland, 19% in bare-ground, 13% (n ¼ 2) in mesquite-oak, and the remaining two were located in riparian woodland and grasslands. Facilities in the Post Oak Savanna had 47% (n ¼ 7) located in grassland, 27% (n ¼ 4) in cropland, 20% (n ¼ 3) in mesquite-oak woodlands, and one facility in live oak (Q. virginiana) woodlands. Fifty percent (n ¼ 10) of domestic swine facilities in the Pineywoods were located in pine forest, 33% (n ¼ 6) in grasslands, and 10% (n ¼ 2) in riparian woodland. We did not find a higher density of locations in the rightof-way polygons at any of the study sites (t ¼ À0.557, P > 0.6). In the boundary analysis, we only found feral swine to cross paved, 2-lane roads in the Post Oak Savanna study site. There, out of 1,794 locations, we recorded 7 incidences where feral swine crossed a road, suggesting that paved, 2-lane roads presented a boundary to feral swine movement (K ¼ À0.21, P > 0.43). There was no crossing of paved, 2-lane roads in the South Texas Plains or Pineywoods (n ¼ 4,396 and n ¼ 990 locations). Additionally, many of the areas of utilization demonstrated the influence of a paved, 2-lane road, with the shape of the kernel generally following the road (Fig. 3 ). All 3 sites had multiple caliche dirt road crossing events (K ¼ 0.17, P < 0.001 (Pineywoods ecotype); K ¼ 0.14, P < 0.02 (Post Oak Savanna); K ¼ 0.07, P < 0.001 (S Texas Plains). Additionally, both study sites in East Texas were adjacent to a river (average range of widths was 30-70 m); however, the 2 feral swine that utilized habitat within 100 m did not cross their respective rivers.
Interactions did not occur among site, sex, and period (F 1,16 1.25, P ! 0.27). Differences in kernel size did occur among sites (F 2,16 ¼ 6.38, P ¼ 0.005; Table 2), with the Post Oak Savanna and Pineywood sites similar to each other, but each was different from the South Texas Plains ecotype. In the Post Oak Savanna and Pineywoods ecotypes the size of utilized areas did not differ (F 1,16 ¼ 0.84, P ¼ 0.37) between female and male feral swine, nor between wet and dry periods (F 1,16 ¼ 0.06, P ¼ 0.81). Similarly, in the South Texas Plains, we did not find differences among wet, normal, and dry periods (F 2,16 ¼ 0.51, P ¼ 0.60), and no interaction was found between sex and period (F 2,16 ¼ 0.60, P ¼ 0.56).
Feral swine did not use vegetation types proportional to availability in any of the 3 ecotypes, and demonstrated PDSI period variation in their use (Tables 1 and 3; Fig. 4 ). Of note, at South Texas Plains sites during the wet period, feral swine were more likely to occur on bare-ground (b ¼ 0.71, SE ¼ 0.19) while using remaining vegetation types at proportional or less than proportional levels. Feral swine were less likely to occur in urban, grassland, and mesquite-oak woodland vegetation types during the normal period 
DISCUSSION
The risk, and cost, of feral-to-domestic disease transmission have been extensively outlined in the literature (Doster 1992 , Witmer et al. 2003 , Hutton et al. 2006 ; however, specific data regarding feral swine activities near domestic facilities remain limited (Wyckoff et al. 2009 ). We compared the dominant vegetation types surrounding the domestic swine facilities to those favored by our collared feral swine, and found that half of the small-scale facilities were surrounded by preferred vegetation types. In particular, our analysis showed nearly 50% of facilities in Post Oak Savanna ecotypes were surrounded by grasslands, which feral swine used 3 times more than expected during the wet period. Of the facilities in the Pineywoods ecotype, 50% were located in pine forest, which during the dry period feral swine used 38 times more than expected. These similar habitat associations suggest feral swine may readily use, and be found in, vegetation where domestic swine facilities are located, thereby facilitating contact and possible disease transmission. Wyckoff et al. (2009) demonstrated that feral swine do have direct contact with domestic swine in small-scale facilities, supporting common anecdotal testaments from local farmers and ranchers (Feral Swine Subcommittee on Brucellosis and Pseudorabies 2005). Pipeline and power line right-of-ways were not favored over the rest of the landscape and, thus, do not appear to be corridors for feral swine movement. Saunders and Kay (1991) suggested that with some exceptions, natural and manmade boundaries such as rivers or roads influence feral swine movement. We found that paved, 2-lane roads presented a boundary to feral swine movement, likely due to continual vehicular traffic on such roads. Caliche roads, however, did not impede feral swine movements, allowing the animals to use the landscape regardless of road presence. Auto traffic on caliche roads was substantially less than paved 2-lane roads, which may account for the unimpeded movement across these roads. The rarity of crossing events of paved, 2-lane roads, and the linear edge of the kernels neighboring paved, 2-lane roads suggest the landscape effect that these roads can have on feral swine movement. Feral swine-vehicle collisions, and the 7 crossing events we recorded in the Pineywoods ecotype, suggest that paved 2-lane roads are not impermeable to feral swine, but do influence feral swine habitat use.
Similar to previous research, our data suggest that spatial complexity of the habitat and availability of food, water, and shelter impact the size of areas used (Sanderson 1966; Singer et al. 1981; Dexter 1998 Dexter , 1999 Mersinger and Silvy 2007) . This was demonstrated by different sizes of areas utilized at our 3 sites. Kernel sizes in the South Texas Plains were significantly larger than Post Oak Savanna and Pineywoods, which could be explained by water availability as is commonly cited (Wood and Brenneman 1980 , Ilse and Hellgren 1995 , Caley 1997 , Dexter 1998 , Mersinger and Silvy 2007 . Post Oak Savanna and Pineywoods have water throughout in the form of rivers, creeks, ponds, and seasonal swamps. South Texas Plains water and food sources were limited and more dispersed; thus, feral swine in South Texas Plains would have to utilize more area to have access to all necessary resources.
In general, other studies have found that feral swine have fidelity for seasonal ranges (Singer et al. 1981, Pech and McIlroy 1990) , with winter-spring ranges being larger than summer-autumn ranges (Kurz and Marchinton 1972, Mersinger and Silvy 2007) . Within an individual's home range, movements across the landscape are considered nomadic and motivated by food and thermoregulation Kay 1991, Sweeney et al. 2003) . However, in our study, we did not find a difference in the size of area used among the wet, normal, or dry periods. This result was contrary to expectation because the dry period would likely have lower resource availability and, thus, feral swine would have to explore larger areas to find forage. However, it is possible that feral swine instead found a water source and did not leave the area for the dry period, resulting in no difference among periods. Alternatively, as may have been the case in East Texas, pressures during wet periods, such as hunting pressure or flooding, could result in feral swine moving around the landscape. The utilization of a large area provides opportunity for interaction with other feral swine, as well as possible interaction with domestic swine in small-scale swine operations as shown in Wyckoff et al. (2009) .
The use of the TX-GAP classification data allowed for efficient analysis of large spatial studies across 3 Texas ecotypes. The TX-GAP data set was released in 2003; as such, the scientific literature is lacking in comparable habitat use analysis for feral swine. However, we believe the habitat use preferences reported here agree with previously mentioned habitat use studies. We found that during the wet period in the Post Oak Savanna ecotype, where wooded riparian swamp areas are prevalent, feral swine began utilizing grasslands that would be less likely to flood and possibly filled with new vegetation growth and soil invertebrates (Fig. 4) . This preference occurred while they underutilized mixed oak woodlands, which were generally along riparian and seasonally flooded areas. A similar flood-dependent use of habitats was found in the Pineywood ecotype. In both PDSI periods, feral swine used water oak forest above proportional availability. However, in the wet period when much of the habitat was under water, use of the water oak forest vegetation was only slightly higher than proportion, while in the dry period use greatly increased. It is likely that this bottomland habitat provided water, shade, and forage even in the dry period. This is supported by observations of local hunters who observe that animals move to swamps and bottomlands during the summer months, which correlated with the dry period. The large increase in pine forest vegetation use is potentially a result of loblolly pines releasing their seeds during the autumn, which in 2005 was during the dry period. Feral swine were likely spending time in water oak forest bottomlands for shelter and pine forests for food.
In the South Texas Plains the lack of difference between size of utilized areas during wet and dry periods could be due to the propensity to use supplemental feed along the roads on private property during hunting season. Though the feed is provided as an attractant for white-tailed deer (Odocoileus virginianus), feral swine opportunistically feed as well, and thus are encouraged to remain in the area. This is supported by the increased use of bare-ground by feral swine during the wet period, in which many locations were collected during the deer-hunting season (Nov-Jan). After hunting season, sorghum crops became available and feral swine utilized cropland at proportional levels during the dry period while underutilizing them during the wet period, potentially because of the supplemental feed; however, our analysis did not include specifics about crop cycles. Contrary to expectation in the South Texas Plains sites, feral swine did not increase their use of riparian woodlands during the dry period; however, this was a rare vegetation type in these sites.
MANAGEMENT IMPLICATIONS
An understanding of habitat use and preferences, as well as the range over which feral swine travel, is essential in the effective management of feral swine for disease transmission prevention and disease eradication efforts. Knowledge of habitat preferences from this study can aid in more efficient application of targeted management techniques such as trapping or hunting. Our results suggest boundaries such as roads could be used as tools for management. For example, locations near high-traffic roads or large rivers could be used as maintenance zones, where feral swine populations are depopulated, allowing the boundary to discourage future repopulation. However, this method may only be effective in certain environments and should be more thoroughly tested. In addition to using targeted management around boundaries, Caley (1997) suggested a depopulation buffer zone to manage feral swine problems around areas of concern. The creation of a buffer (either vegetation-based or depopulation-based, radius ¼ average kernel km 2 ) targeting preferred habitat around domestic swine facilities would effectively reduce the feral population of concern, with moderate maintenance required for individuals that immigrate into the area.
